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3JIEKTP0HH0-MHKP0CK0IIHHECK0E HCCJIEflOBAHHE EOPPEJIH0 
B OPrAHH3ME CAMOK HKCOflOBOIX) KJIEIHA IXODES PERSULCATUS 

© JI. H. AMOcoBa 

MeTOflOM npOCBeHHBaiOmeH 3JieXTpOHHOH MHKpOCKOnHH HCCJieflOBaHbl 6oppeJlHH B CpeflHeH 
xnmxe H AHHHHKe caMOK nxcoaoBoro KJiema /. persulcatus. JIoxajnmiiHa n yjibTpacrpyxTypa 
6oppejlHH n03B0J15IK)T CHHTaTb, HTO OCHOBHbIM CIIOCOGOM MHTpailHH Hepe3 3nHTeJIHaJIbHbIH nJiaCT 
aBJiaeTca nepeflBH)KeHHe no MexcxneTOHHbiM npocTpaHCTBaM. MHoronHCJieHHbie 6oppejinn o6Hapy- 
xeHbi b KJieTKax anHTenna anHHHxa h ooiWTax xa k no Hanana BHTejmoreHe3a, Tax h Ha paHHHX ero 
3Tanax. IlpennoJiaraeTca He3aBHCHMoe npoHHXHOBeHHe MHXpoopraHH3MOB b pa3Hbie nacTH anHHnxa. 
Iloxa3aHO npHcyTCTBne nayx Mopc})OJiorHHecxHX THnoB 6oppejiHH, pa3JiHHaK)mHxca no yjibTpacTpyx- 
TypHbiM xapaxTepncTwxaM. 


B TeneHHe nocnenHero 10-neTna Ha BOJiHe Bceo6mero HHTepeca x 6ojie3HH JIaHMa b 
mhpoboh jiHTepaType noaBnnocb orpoMHoe xonnnecTBO pa6oT, nocBameHHbix pa3nnHHbiM 
acnexTaM B3anMOOTHOiiieHHH ee B036ynnTena Borrelia burgdorferi n nxconoBbix xnemen, 
xoTopbie cjiyxcaT nepeHOCHHxaMH h pe3epByapaMH 6oppennn. OnHaxo no chx nop 
HeMHoroHHCjieHHbiMH ocTaiOTca nccnenoBaHna, BbinojmeHHbie c npnMeHeHHeM anexTpoH- 
hoh MHxpocxonnn (Zung e. a., 1989; Zhu, 1998), hto, bo3moxcho, cBa3aHO co 3HanHTenb- 

HblMH MeTOflHHeCXHMH Tpy^HOCTMMH, B03HHXaK)lJU[HMH B npOUeCCe 3JieXTpOHHO-MHXpOCXO- 
nHHecxnx Hccjie^OBaHHH npn noncxe B036ynnTena b opraHH3Me nepeHOCHnxa. Taxoro 
pona pa6oTbi coBepuieHHO Heo6xonnMbi, nocxonbxy hmchho Hcnojib30BaHne anexTpoHHon 
onTHxn no3BonaeT cocTaBHTb npencTaBneHne o tohhoh noxann3aunn Ooppennn b opra- 
HH3Me XJiema H HX B3aHMOOTHOUieHHH C XJieTXaMH, B CBa3H C 3THM nO^BHJlHCb yJlbTpa- 
CTpyxTypHbie nccnenoBaHna, BbinojmeHHbie npn cobmccthom xyjibTHBnpoBaHHH in vitro 
Ooppennn h xjieTox xynbTypbi TxaHen nxconoBbix xnemen (Kurtti e. a., 1993, 1994). Taxon 
nonxon xoTa n pacmnpaeT Harnn npencTaBneHna o MexaHH3Max npoHnxHOBeHna B036y- 
nnTena b xneTxn xnema, ho He OTpaxcaeT ncTHHHbix B3anMOOTHOiueHnn MnxpoopraHH3MOB 
c TxaHaMH xo3AHHa, 3apaxeHHoro b ecTecTBeHHbix ycnoBnax. YnnTbiBaa n3no)xeHHoe, HaMH 
6bino npennpnHaTO nccnenoBaHne Borrelia burgdorferi s. 1. b pane opraHOB nxconoBoro 
xnema Ixodes persulctus , xoTopbin aBnaeTca oahhm H3 ee ecTecTBeHHbix nepeHoennxoB. 


MATEPHAJI H METOJtHKA 

B pa6oTe ncno/ib30BaHbi caMxn /. persulcatus , co6paHHbie Ha c£>nar JI. A. TpnropbeBon 
n K. A. TpeTbaxoBbiM b HoBroponcxon o6ji. h HaxopMJieHHbie Ha He3apaxceHHbix xchbot- 
Hbix b jia6opaTopHbix ycnoBnax. Knemen BcxpbiBann b 0.1 M $occ{)aTHOM 6y(j)epe 
(pH 7.2), a 3aTeM nccnenoBann xyconxn opraHOB b tcmhom none npn yBennneHnn x 600. 
Ana 3jiexTpoHHO-MHxpocxonHHecxnx nccnenoBaHHH 6binn ncno/ib30BaHbi xniueHHnx, 
ManbnnrneBbi cocynbi, cnroHHbie xcene3bi n annHnxn Tonbxo b Tex cnynaax, xorna b tcmhom 
none b hhx 6binn oOHapyxceHbi 6oppennn. MaTepnan ana nccnenoBaHnn 6pann y rononHbix 
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KjiemeH, a TaKxe nepe3 2, 6 h 10 cyT nocjie Hanajia nHTaHHa. OpraHbi Kjiemen 
(J)HKCHpoBajiH b 2 %-hom pacTBope rnyTapajibnernna c nocjienyioineH nocjDHKcanneH 
1 %-HbiM pacTBopoM neTbipexoKHCH ocmhh. flajibHeniuaa o6pa6oTKa Maiepnajia npoBonn- 
jiacb no oOmenpHHHTbiM MeTonHKaM. B paOoTe 6bui ncnojib30BaH 3JieKTpoHHbin MHKpo- 
CKon Tesla BS 500. 


PE3yjII>TATbI HCCJIEJXOBAHim 

B npOBe^eHHOM SJieKTpOHHO-MHKpOCKOnHHeCKOM HCCJie^OBaHHH OoppeJIHH 6 bIJIH 06 - 
HapyxeHbi TOJibKo b KHineHHHKe (nepe3 2, 6 h 10 cyT) n b AHHHHKax (nepe3 6 h 10 cyT), 
HTO CBH3aHO C TpynHOCTHMH npH nOHCKe 3THX MHKpOOpraHH3MOB npH paOOTe C SJieKTpOH- 
HblM MHKpOCKOnOM H HeB03MOXCHOCTbK) HX oOHapyxeHHH Ha nOJiyTOHKHX cpe3ax B 
CBeTOBOM MHKpOCKOne. lloCKOJIbKy AHHaMHKa J10KajlH3aUHH OoppeJIHH B OpraHH3Me 
7. persulcatus nonpo 6 HO nccjienoBaHa b paOoTe BajiamoBa c coaBTopaMH (1997), a b 
A aHHOM wccjieAOBaHHH Hac npexcne Bcero HHTepecoBajin B3aHMOOTHOiueHHH OoppejiHH c 
KJieTKaMH h TKaHHMH xo3HHHa, to b xone H3JioxceHHH MaTepnajia Mbi He 6 yneM yKa3biBaTb 
cpoKH, b KOTopbie Te hjih HHbie aaHHbie nojiyneHbi. 

B KHineHHHKe OoppejiHH 6buiH HaH^eHbi KaK b npocBeTe, TaK h b pa3JiHHHbix nacTax 
snHTejinajibHoro njiacia. Boppejinn, jiexcamne b nonocTH khujkh (pnc. 1, 7, 2; 2, 7; 3, 
3; cm. bkji. 1 — 3), oObiHHO HMejiH THnHHHyio ana cnnpoxeT H3BHTyio cfiopMy c xopoino 
BbipaxeHHblM nepHnjia3MaTHHeCKHM npOCTpaHCTBOM, B KOTOpOM MOXCHO BHneTb C})H6pHJl- 
jibi aKCOCTHna, o6pa3yiomHe nBHraTejibHbiH annapaT OoppejiHH h npyrnx cnnpoxeT. 
flnaMeTp npoTonjia3MaTHHecKoro unjiHHXipa cocTaBjian 0.16—0.22 mkm, a o6iuhh nna- 
MeTp OoppenHH — 0.25—0.3 mkm. UHTonjia3Ma OoppejiHH HMena rpaHynapHyio CTpyK- 
Typy h yMepeHHyio sjieKTpoHHyio nnoTHOCTb, npnneM ueHTpanbHaa nacTb kjictkh 6buia 
MeHee nnoTHOH h, BepoaTHO, cooTBeTCTBOBana anepHOH 30He. MnKpoopraHH3Mbi 6buiH 
oOHapyxceHbi KaK b npocTpaHCTBe, OKpyxceHHOM nepHTpocj)HHecKOH MeMOpaHOH (shjio- 
nepHTpocJjHHecKOM), TaK h BHe ero, Ojinxce k noBepxHOCTH kjictok KHinenHoro snHTejina, 
t. e. 3K3onepHTpoc{3HHecKOM npocTpaHCTBe (pnc. 1, 7, 2; 2, 7). B HenocpencTBeHHOH 
6jih30cth ot OoppejiHH, jiexcamnx b 3HxionepHTpocj3HHecKOM npocTpaHCTBe, noHTH Bceraa 
pacnojiaraiOTca Be3HKynapHbie CTpyKTypbi nnaMeTpoM 0.1—0.15 mkm (pnc. 3, 3). HacTO 
cnnpoxeTbi pacnojiaranncb HenocpencTBeHHO Ha anHKajibHOH noBepxHOCTH kjictok Mexcny 
MHKpOBOpCHHKaMH, npHHeM B 3TOM CJiyHae OHH TaKXCe BCema HMCJIH H3BHTyiO (J)OpMy 
(pnc. 1, 2). HHorna ynaBanocb HaOjnonaTb OoppejiHH b momcht hx npoHHKHOBe- 
Hna b KjieTKy, npnneM b stom cjiynae ohh oObiHHO He hmcjih H3omyTOH cfiopMbi (pnc. 2, 
2). B MecTe BHenpeHna OaKTepnn b KjieTKy Ha6jnonajiacb HHBarHHanna anHKajibHOH 
nna3MaTHHecKOH MeMOpaHbi (pnc. 2, 2), Ha BHeniHen noBepxHOCTH KOTopon OTMenajiocb 
CKonneHHe (})H6po3Horo MaTepnana noBbiineHHon sjieKTpoHHon nnoTHocTH, HHorna no- 
aoOHbiH MaTepnan pacnojiarajica h Ha UHTonna3MaTHHecKOH CTopoHe MeMOpaHbi. CnenyeT 
OTMeTHTb, HTO BCe TaKOrO pofla KapTHHbl OTMeneHbl TOJlbKO B CBH3H C KJieTKaMH, B 
KOTOpbIX HJieT aKTHBHblH npOUeCC 3HA0UH0T03a, O HeM CBHneTeJIbCTByiOT npHCyTCTByiO- 
mne b anHKajibHOH nHTonjia3Me OKaHMJieHHbie ny3bipbKH h TpyOnaTbie HHBarHHanHH 
(pnc. 1, 2; 2, 7, 2). HaOjnonajiacb, xoth h oneHb penKO, BHyTpnKjieTOHHan jiOKajiH3aun5i 
OoppejiHH (pnc. 2, 3). MnKpoopraHH3Mbi oObiHHO 6buin ennHHHHbiMH h noHTH Bcerna 
pacnojiarajiHCb b anHKajibHOH nacTH kjictok. Jlnuib onHaxcnbi 6buia HanneHa KjieTKa c 
MHoroHHCjieHHbiMH OoppejinaMH b uHTonjia3Me. Hx (J)opMa pa3HOo6pa3Ha — ot H3oray- 
toh (pnc. 2, 3) no najiOHKOBnnHon. BHyTpHKjieTOHHbie Ooppejinn Bceraa oxpyxceHbi 
nByMfl MeMOpaHaMH, Mexcny KOTopbiMH y H3orHyTbix $opM moxho BnneTb aKcnajibHbie 
cJjnOpHjijibi (pnc. 2, 3). KpoMe Toro, B03MOXHa h BHeKjieTOHHaa jiOKajiH3auHa MHKpoop- 
raHH3MOB b npenejiax snnTejinajibHoro njiacTa. H3orHyTbie Ooppejinn c xopoino Bbipa- 
xceHHOH o6ojiohkoh h aKCHajibHbiMH (JjnOpHJiJiaMH HacTO pacnojiaraiOTCH b npocTpaHCTBax 
Mexcny KJieTKaMH (pnc. 3, 7) h Mexcny 6a3ajibHOH njia3MaTHnecKOH MeM6paHOH h 6a3ajib- 
hoh njiacTHHOH (pnc. 3, 2), noncTHjiaiomeH KHinenHbiH snnTejiHH. CnenyeT OTMeTHTb, 
hto b OojibinHHCTBe cjiynaeB OoppejiHH HaxonaTca b MexcKjieTHHKax, npHJiexcamnx k 
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KjieTKaM, HanojiHeHHbix reMaTHHOBbiMH rpaHynaMH h MajioaxTHBHbix b OTHomeHHH 
3 H,aOUHT 03 a. 

B flHHHHKax MHoroHHCJieHHbie 6oppe;iHH 6bijin HaHAeHbi b KjieTKax 3nHTe;iH5i h hoxcxh, 
bch UHTonjia3Ma KOTopbix b HexoTopbix cjiynaflx 6bma 3anojiHeHa sthmh MHxpoopraHH3- 
MaMH (pnc. 3, 4). B oouHTax 6oppe;iHH Obuin MeHee MHoroHHCJieHHbi, xota b pfl,ae cjiynaeB 
HX KOJIHHeCTBO AOCTHTajIO HeCKOJIbKHX fleCflTKOB B OflHOH KJieTKe Ha AaHHOM Cpe3e. 
OieayeT oTMeTHTb, hto 6oppe;iHH oco6eHHO xopoiuo bh^hw b oouHTax, eme jiHiueHHbix 
xce^TOHHbix rpaHyji. Hx c£>opMa b ;iio6bix xjieTxax ahhhhxob 6buia oxpynnoH, ec;iH cpe3 
npoxo^Hji nepe3 Ooppejinio nonepex, h najiOHKOBHxiHOH hjih cjierxa H3orayTOH npn 
npo^ojibHOM cpe3e (pnc. 3, 4\ 4, 1 — 4\ cm. bkji). OOluhh xinaMeTp 6oppe;iHH KOJieOajica b 
npe^ejiax ot 0.25 £0 0.5 mkm. Ohh 6buin oxpyxceHbi ^ByMfl MeMOpaHaMH, BHeiHHaa H3 
KOTopbix o6biHHo 6buia cKjiaflHaTOH, a c{)H6pH;uibi xcryTHKOB b nepHnjia3MaTHHecKOM 
npocTpaHCTBe He bh^hbi (pHC. 4, 1 — 4). Ha HexoTopbix sjiexTpoHorpaMMax, H3o6paxcaio- 
ihhx H3orHyTbix OoppejiHH, Ha6;iKxaajiocb ynjiOTHeHHe TepMHHajibHoro ynacTxa npcrro- 
njia3MaTHHecKoro UHJiHH,apa, a Taxxce JiaTepajibHbie ynjioTHeHHfl b nepHnjia3MaTHHecKOM 
npocTpaHCTBe (pHC. 4, 7). HHTepecHO, hto cpe^H OoppejiHH, oOHapyxceHHbix b xjieTxax 
5IHHHHKOB, BblflBJieHbl ^Be Tpynnbl MHKpOOpraHH3MOB, HeCKOJIbKO pa3JIHHaiOmHXCa no 
AnaMeTpy — Gojiee TOJicTbie h xopoTKHe (b .anaMeTpe 0.44—0.5 h xio 2.5 mkm xuiHHbi), a 
Taxxce 6o;iee TOHxne h aiiHHHbie (b anaMeTpe 0.25—0.29 h jxo 4.2 mkm ajihhm) (pnc. 4, 
5, 4). UHTOnJia3Ma MHKpOOpraHH3MOB 3THX AByX MOpC{)O^OrHHeCKHX THnOB pa3JIHHHa no 
3JieKTpoHHon njiOTHOCTH — y 6oppe;iHH Oojibiuero xinaMeTpa OHa MeHee njioTHaa, a y 
6oppe;iHH MeHbinero .anaMeTpa — HMeeT noBbinjeHHyio njioTHOCTb. Cpe^n Ooppe^nn H3 
KjieTOK hhhhhxob HaOjiio^ajiHCb OaxTepnn, pa3,ae^eHHbie nonepenHOH nepeTflxcxon (pnc. 4, 
2), ocoOeHHo nacTO Taxne MHKpoopraHH3Mbi BCTpenajincb cpe^H «tohkhx h 6o;iee 
nJIOTHbIX» c|)opM. 


OBCmHEHHE 

Eoppejinn, xax h Apyrne npeflCTaBHTejin nopfl^xa Spirochaetales, othocatcx k rpaM- 
OTpnuaTe^bHbiM OaxTepnaM, HMeiomnM KjieTOHHyio CTeHKy, BHeniHHH cjioh xoTopon 
npe^cTaB^eH cjioxchbim xoMnnexcoM, coaepxcamHM Oejixn, cj}occ})o.nHnH,abi, jinnonpoTen- 
Hbi. 3 tot xoMnjiexc no CBoen yjibTpacTpyxType noxoxc Ha TpexcjiOHHyio njia3MaTHHecxyio 
MeMOpaHy, nosTOMy ero oOmhho Ha3biBaiOT HapyxcHOH OaxTepnajibHOH MeMOpaHon (LLLne- 
renb, 1987). FIpocTpaHCTBO Mexc^y HapyxcHOH h xjieTOHHOH MeMOpaHaMH hocht Ha3BaHne 
nepnnjia3MaTHHecKoro npocTpaHCTBa, a caMy xjieTxy 6e3 oOojiohxh Ha3biBaiOT npoTonna3- 
MaTHHecxHM UHjiHH^poM. BHyTpw nepHnjia3MaTHHecxoro npocTpaHCTBa y 6oppe;iHH h 
apyrax cnHpoxeT pacnonaraeTca flBHraTejibHbin annapaT (axcocTHJib), npeflCTaBJieHHbiH 
AByMH nyHxaMH axcnajibHbix HHTen, 3axpenneHHbix TepMHHajibHO Ha o6ohx xoHuax 
BepeTeHOBH^HO BbmmyTOH OaxTepnH. CnnpoxeTbi MoryT axTHBHO nepe^BnraTbca b xcha- 
xoh h nojiyxcn^xoH cpe^e, Bpamaxcb Boxpyr ^hhhhoh och h H3rn6aflCb 3MeeBH,aHO h 
LUTO nOpOo6pa3HO. 3 th OCo6eHHOCTH flBHXCeHHfl n03B0JI5n0T paCCMaTpHBaTb H3BHTbie H 
H3omyTbie cf)opMbi, oOHapyxceHHbie npH sjieKTpoHHO-MHxpocxonHHecxHx HCcne^OBaHHHx 
xax noABHXCHbie. CnocoOHOCTb OoppejiHH x axTHBHOMy ^bhxcchhk) oOecnenHBaeT hx 
pacnpocTpaHeHHe b opraHH3Me xo3flHHa, b abhhom cjiynae xjiema I. persulcatus . 

OObiHHbiM MecTOM jioxajiH3aijHH OoppenHH b opraHH3Me hkco^obbix xjiemen ^BjiaeTca 
nonocTb cpe^Hen khhjkh. Kax noxa3aHO b CBeToonTHHecxHX HCCJie^OBaHHax xjiemen 
/. persulcatus , 3apa>xeHHbix OoppeJiHAMH (BajiamoB, rpnropbeBa, 1997), ohh ocoOeHHO 
MHoroHHCJieHHbi b KHHjeHHHxe rojioAHbix xjiemen, ho coxpaHaiOTCH 3,aecb b nepnofl 
nHTaHHH h nocne ero oxoHHaHHa. OTMenaeTca npeHMymecTBeHHoe npncTeHOHHoe nono- 
xceHHe OoppenHH b npocBeTe KHineHHHxa. npOBefleHHoe snexTpOHHO-MHKpocxonHHecxoe 
Hccne^OBaHHe no3BOJi5ieT npe^nonoxcHTb, hto MHxpoopraHH3Mbi, Haxo^mneca b nonocTH 
khlukh, axTHBHO nepe^BHraiOTca, o neM cBHfleTejibCTByeT hx H3omyTa5i cJ)opMa. Bo3moxcho, 
hto 6oppe;iHH, nexcamne Ha anHxajibHOH noBepxHOCTH xjieTOx snHTejinx, Taxxce noABHxcHbi 
(pnc. 1, 2). KpOMe Toro, BnojiHe bo3moxcho, hto Ooppennn b nonocTH khlukh pa3MH0xca- 
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kdtch. Ha 3to yKa3biBaeT npncyTCTBHe Be3Hxyji5ipHbix CTpyxTyp, xoTopbie, KaK npeunojia- 
raiOT, hbjihkdtch c|)parMeHTaMH o6ojiohkh 6axTepHH h o6pa3yiOTC5i b cbh3h c uejieHHeM 
(Zhu, 1998). 

B CBeTOonTHMecKHx HCCJie,aoBaHH 5 ix BHyTpeHHHx opraHOB I . persulcatus c ncnojib30- 
BaHHeM MeTO^a cepe 6 peHH 5 i (EajiauioB, rpnropbeBa, 1997; BajiamoB h up., 1997) noxa3a- 
ho, hto npouecc nepeMemeHHH 6 oppejiHH H3 nojiocTH cpeuHen khiukh b 6a3ajibHyio nacTb 
3nHTejiH5i CTHMyjinpyeTCJi KpoBOCOcaHHeM h npouojixcaeTCfl b TeneHne Bcero nepnoua 
nHTaHHH, k KOHuy KOToporo nouaBjiaiomee 6 ojibiiiHHCTBo MHKpoopraHH3MOB cocpeuoTO- 
neHO b o 6 jiacTH 6a3ajibHoro jia 6 HpHHTa Mexcuy njia3MaTHHecxoH MeM 6 paHOH xjieTOx h 
6a3a^bHOH iuiacTHHKOH. Kax npeunojiaraiOT, 3uecb 6 oppejiHH HaxanjiHBaioTCfl, c TeM HTo 6 bi 
3aTeM npouojDKHTb MHipaunio b upyrne BHyTpeHHHe opraHbi Kjiema. CnHTaeTCfl, hto 
ocHOBHbiM cnoco 6 oM npoHHKHOBeHHH 6 oppejiHH nepe3 snHTe^najibHbiH nuacT hbuhctch 
aKTHBHoe nepe^BHxceHHe no MexcxjieTOHHbiM npocTpaHCTBaM (BajiamoB, rpnropbeBa, 
1997; EajiauioB h up., 1997; Zung e. a., 1989), xoth He HCXjnoHaeTCfl h TpaHcxjieTOHHoe 
nepeMemeHHe, Tax xax sth MHKpoopraHH3Mbi 6 buiH HanueHbi b unTonjia3Me KHiiieHHbix 
KjieTOK (Zung e. a., 1989; Zhu, 1998). CuHTaeTca, hto 6 oppejiHH npoHHxaiOT b kjictkh b 
pe3y;ibTaTe 3HUOUHT03a, a 3aTeM BHyTpn Baxyojien, oxpyxceHHbix xjieTOHHOH MeM 6 paHOH, 
nepeMemaioTCfl b 6a3ajibHyio nacTb xjieTxn, OTxyua h BbiBouflTca b o 6 jiacTb 6a3ajibHoro 
na 6 npHHTa nyTeM 3K30UHT03a (Kurtii e. a., 1994; Munderloh, Kurtti, 1995). B HacToameM 
nccjieflOBaHHH Taxxce 6 buia OTMeneHa BHyTpnxjieTOHHafl jioxajiH 3 auH 5 i 6 oppejiHH. Kax h b 
yxa3aHHbix Bbime pa 6 oTax, ohh Bcerua pacnojiarajincb b annxajibHOH nacTH KHineHHbix 
xjieTOx. Eoppejinn 6 buin oxpyxceHbi UByMfl MeM 6 paHaMH, BHyTpeHH^H H3 xoTopbix npeu- 
CTaBnaeT njia3MaTHHecxyio MeM 6 paHy MnxpoopraHH3Ma, a bhcuihiok) o 6 biHHO paccMaTpn- 
BaiOT xax MeM 6 paHy kjictkh xo 35 iHHa. OuHaxo nponcxoxcueHHe BHemHeH MeM 6 paHbi 
npeacTaBjifleTCfl HaM HeacHbiM. C ouhoh CTopoHbi, o 6 HapyxceHHbie HaMH BHyTpnxjieTOHHbie 
6 oppennn hmcjih o 6 biHHbin uuh sthx 6 axTepHH bhu, b tom HHCJie couepxcajin axcnajibHbie 
hhth b MexcMeM 6 paHHOM npocTpaHCTBe, pa3Mep xoToporo cooTBeTCTBOBaji pa3Mepy ne- 
pnnna3MaTHHecxoro npocTpaHCTBa MnxpoopraHH3MOB H3 nojiocTH KHineHHHxa. Hhmmh 
cnoBaMH, 6 oppejiHH H3 UHTonjia3Mbi KHiiieHHbix xjieTOx BbinifluejiH xax HopMajibHbie, 
Hen3MeHeHHbie cnnpoxeTbi, oxpyxceHHbie co 6 cTBeHHOH HapyxcHOH MeM 6 paHOH. C upyron 
CTopoHbi, b HameM nccjieuoBaHHH Ha 6 jnouajiocb npoHHKHOBeHne 6 oppejiHH b xjieTxy 
KHineHHoro 3 nnTejiHH. XapaxTep HHBarnHauHH xjictohhoh MeM 6 paHbi b MecTe BHeupeHHfl 
6 axTepnH, npncyTCTBHe Ha ee BHemHeH CTopoHe 3JiexTpoHrtonjiOTHoro cj)H6po3Horo 
MaTepHana 3acTaBji5HOT npeunojioxcHTb axTHBHyio ponb kjictkh b stom npouecce, t. e., 
B03M0XCH0, npOHHKHOBeHHe 6 oppeJlHH B KJieTKy npOHCXOAHT B pe3yjIbTaTe 3HUOUHT03a. 
06 3T0M xce, B03M0XCH0, CBHUCTCJIbCTByeT H npnypOHeHHOCTb BHyTpHKJieTOHHbIX c|)opM X 
xjieTxaM, xapaxTepH3yiomHMCH bmcokoh 3huouhto3hoh axTHBHOCTbio. 3to nouTBepxcuaiOT 
h uaHHbie, nojiyneHHbie npn cobmccthom xyjibTHBHpoBaHHH 3nHTejiHonouo6Hbix xjieTOx 
HxcojiOBbix xjiemeH h B . burgdorferi (Kurtti e. a., 1994), b xoTopbix Taxxce noxa3aHa CB5i3b 
BHyTpHKJieTOHHbIX 6 oppeJIHH C KJieTKaMH, Ha nOBepXHOCTH KOTOpbIX npHCyTCTByiOT HHBa- 
THHaitHH h oxaiiMjieHHbie ny3bipbxn. OuHaxo b upyron pa 6 oTe c Hcnojib30BaHHeM Tex xce 
xjieTOHHbix h GaxTepnajibHbix xyjibTyp hmciotch cBeueHna 06 axTHBHon pojin 6 oppejiHH b 
npouecce hx npOHHKHOBeHHe b xjieTxy (Kurtti e. a., 1993). 

3HaHHTejibH0 name, neM BHyTpnxjieTOHHbie cJiopMbi, Mbi Ha6jnouajiH Goppeunn b 
npocTpaHCTBax Mexcuy xjieTxaMH KHmenHoro snHTejina, npnneM, cyufl no h3bhtoh c})opMe 
H BbIpa)KeHHbIM aKCHaJIbHbIM HHT5IM, 3TH MHKp00praHH3MbI aKTHBHO nepeUBHrajIHCb. 
CneuyeT otmcthtb, hto 6oppejiHH 6buin HanueHbi b MexcxjieTHnxax xax annxajibHOH, Tax 
h 6a3ajibHOH nacTen xjieTOHHoro njiacTa. TaxnM o6pa30M, Ha ocHOBaHHH sjiexTpoHHO- 
MHXpOCKOnHHeCKHX HCCJieUOBaHHH 3KCTpaueJUlK)J15ipHbIH nyTb npeOUOJieHHH CTeHKH 
khiukh npejtCTaBjifleTCfl Han6ojiee npeunoHTHTejibHbiM. Cyub6a BHyTpHKJieTOHHbIX 6oppe- 
jihh Tpe6yeT uajibHenmero H3yneHH5i. Bnojme bo3moxcho, hto npOHHKHOBeHHe b xjieTxy 
5IBJ1HCTCH j\nn hhx TynnxoM. 

ripoHUfl nepe3 cjioh xjieTOx KHmenHoro snHTejiHfl, a 3aTeM h nepe3 6a3ajibHyio 
njiacTHHy, 6oppenHH nonauaioT b upyrne BHyTpeHHHe opraHbi xjiema, b tom nncjie h b 
roHaubi. npn sjiexTpoHHO-MHxpocxonHHecKOM nccjieuoBaHHH nojiOBbix xcejie3 caMOx 
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I. persulcatus ohh 6 buin HaiiueHbi b TKaHH aHHHHKa. CBeTOonTHHecKHe uaHHbie (Eajia- 
ujob, TpHropbeBa, 1997; EajiauioB h up., 1997) He no3BOJinjiH tohho onpeuejiHTb 
JIOKaJlH3aUHIO MHKpOOpraHH3MOB B nOJIOBOH CHCTeMe CaMOK. EblJlO JIHIIlb nOKa3aHO, HTO 
ohh pacnojiaraiOTca b coeunHHTejibHOTKaHHbix o 6 ojionKax, oxpyxcaiomHx nojiOBbie opra- 
Hbl. ripHMeHeHHe SJieKTpOHHOH MHKpOCKOnHH n03B0J!HJ10 npoaeMOHCTpHpOBaTb BHyTpH- 
KjieTOHHyio jiOKajiH3auHio, no KpaHHeii Mepe b snHTejmn HHHHHKa h b oouHTax. CneuyeT 
noAnepKHyTb, hto HaxouKH 6 oppejiHH b oouHTax He 6 buin peuKHMH, a KOJinnecTBO 
6 aKTepnH Ha ouhom cpe3e Morjio uocTnraTb HecKOJibKHx uecaTKOB, hto BnojiHe MoxceT 
cjiyxcHTb MopcfjojiorHHecKHM noATBepxc^eHHeM hx TpaHCOBapnajibHOH nepeuann. Flocjieu- 
Hee xopomo corjiacyeTca c SKcnepnMeHTanbHbiMH uaHHbiMH o noHTH 100 %-hoh 3apa- 
xceHHOCTH rojioAHbix jihhhhok I. persulcatus , coOpaHHbix b npnpoue h nojiyneHHbix ot 
HH(J)HUHpoBaHHbix caMOK b jia 6 opaTopHbix ycjioBHHx (EajiainoB, TpHropbeBa, 1998; 
rpnropbeBa, TpeTbflKOB, 1998). Bo3MoxcHOCTb TpaHCOBapnajibHOH nepeuann noBbimaeTca 
eme n TeM, hto b oouHTax nponcxounT uejieHne Goppejinn. 06 stom no3BOJiaiOT cyunTb 
MHKpoopraHH3Mbi, pa3uejieHHbie nonepeHHon nepeTaxcKon (pnc. 4, 2). MHoronncjieHHbi 
6 biJin 6 oppejinn h b snnTejinajibHon nacTH hhhhhkob. Flo Been BepoaTHOCTH, ohh 
aKTHBHO npoHHKaiOT b KJieTKH, npoTbiKaa 6a3ajibHyio MeM 6 paHy, a 3aTeM h njia3MajieMMy, 
npnneM npeunojiaraeTCfl, hto HapyxcHaa MeM 6 paHa 6 aKTepnajibHon KJieTKH coeunHaeTca 
c njia 3 MaTHHecKOH MeMOpaHon oounTa (Zhu, 1998). IlocjieuHee npeucTaBJiaeTca BecbMa 
coMHHTejibHbiM, nocKOJibxy HapyxcHaa MeM 6 paHa rpaM-OTpnuaTejibHbix 6 aKTepnn He 
aBJiaeTca MeM 6 paHoii b o 6 menpnH«TOM CMbicjie. BnojiHe bo3moxcho, hto npoHHKHOBeHne 
B SnHTeJIHH aHHHHKa H B OOUHTbl npOHCXOUHT He3aBHCHMO, TaK KaK, HeCMOTpa Ha 
MHoroHHCJieHHOCTb 6 oppejiHH b KjieTKax hoxckh, HaM hh pa3y He yuajiocb Ha 6 jnouaTb hx 
MHipaUHIO H3 3THX KJieTOK B OOUHT. KpOMe TOTO, CJieuyeT OTMeTHTb, HTO npOHHKHOBeHHe 
b oouHTbi, BepoflTHO, He CB»3aHO c nocTynjieHneM H3 reMOJMMcfibi 3K3oreHHbix npeumecT- 
BeHHHKOB xcejiTKa. 3to nouTBepxcuaeTca TeM, hto MHoroHHCJieHHbie MHKpoopraHH3Mbi 
6 buin HaiiAeHbi HaMH b oouHTax, yjibTpacTpyKTypa KOTopbix cBnueTejibCTByeT o tom, hto 
3tot npouecc eme He Hanajica. Ha sto xce yKa 3 biBaiOT ynoMHHaBiHneca uaHHbie 06 
aKTHBHOM BHeupeHHH 6oppeJlHH B OOUHT (ZllU, 1998). EoppeJIHH COXpaHaiOTCa B OOUHTaX 
h nocjie Hanajia BHTejuioreHe3a, nocKOJibxy ohh HeouHOKpaTHO BCTpenajmcb h b oouHTax, 
couepxcamnx OTuejibHbie xcejiTOHHbie rpaHyjibi. OuHaKO Ha 6ojiee no3UHnx CTaunax 
pa3BHTH« aiiueKJieTOK, Korua npaKTHHecKH bca hx UHTonjia3Ma 3anojiHeHa xcejiTKOM, 
6oppejiHH oOHapyxceHbi He 6buin. 3to, BepoaTHO, o6i»acHaeTc« TeM, hto MHKpoopraHH3Mbi 
MaCKHpyiOTCfl MHOTOHHCJieHHblMH UHTOnjia3MaTHHeCKHMH BKJlIOHeHHaMH. 

OopMa h yjibTpacTpyKTypa 6oppejiHH, Haxouamnxcfl b KjieTKax anHHHKa, 3HannTejib- 
HO OTJIHHaiOTCfl OT TaKOBbIX BHeKJieTOHHbIX ({)OpM H MHKpOOpraHH3MOB H3 SnHTeJIHaJIbHbIX 
KJieTOK epeUHen KHUJKH. fljia BHyTpHKJieTOHHbIX (f)OpM H3 51HHHHKOB XapaKTepHbl CKJiaU- 
naTaa HapyxcHaa MeMOpaHa h OTcyTCTBne aKcnajibHbix HHTeii b MexcMeM6paHHOM npo- 
CTpaHCTBe. MHKpOOpraHH3MbI B 6oJlblUHHCTBe CBOeM, BepOaTHO, MaJlOnOUBHXCHbl, no- 
CKOJibKy 3uecb mhoto npaMbix najiOHKOBHUHbix (fiopM (pnc. 3, 4\ 4, 2— 4). Hapauy c sthm 
epeun hhx BCTpenaiOTca h cjierKa H3orHyTbie 6aKTepnn, KOTopbie, bo3moxcho, cnoco6Hbi 
k nepeMeiueHHio b UHTonjia3Me. 06 stom cBnueTejibCTByioT h 6oppejiHH c pacno- 
JlOXCeHHblMH TepMHHaJlbHO ynJlOTHeHHHMH B npOTOnjia3MaTHHeCKOM UHJIHHUpe H nepH- 
njia3MaTHHecKOM npocTpaHCTBe (pnc. 4, /). TaKoro poua CTpyKTypbi HHorua paccMaT- 
pnBaiOTca KaK «annapaT npoHHKHOBeHH»», no3BOJi5noiuHH cnnpoxeTaM npoxouHTb nepe3 
o6ojiohkh opraHOB h npoHHKaTb BHyTpb KJieTOK (Kurtti e. a., 1994; Zhu, 1998). 
Bo3mojkho, hto aHajiorHHHbiH MexaHH3M 6oppejiHH ncnojib3yiOT h ujih nepeuBHXceHna b 
UHT onjia3Me, OTjiHnaiomeHca no cbohm cf)H3HKO-xHMHHecKHM CBOHCTBaM ot BHeKJieTOH- 
hoh cpeubi. 

nojiyneHHbie b HacToameM nccjieuoBaHHH uaHHbie noKa3ajiH npncyTCTBHe b TKaHax 
/. persulcatus UByx MopcfiojiorHHecKHx TnnoB nccjieayeMbix MHKpoopraHH3MOB, pa3Jinna- 
lomnxca no pa3MepaM h yjibTpacTpyKTypHbiM oco6eHHOCTaM UHTonjia3Mbi. nojiHMopcf)H3M 
6oppejiHH H3 opraHOB KJiema /. persulcatus 6biJi OTMeneH h b CBeTOonTHHecKnx nccjieuo- 
BaHnax (EajiainoB h up., 1997; TpHropbeBa, TpeTbaKOB, 1998). B nepBOH H3 sthx pa6oT 

Ha OCHOBaHHH aHaJlH3a pa3MepOB H ^OpMbl KJieTOK 6bIJlH BbI«BJieHbI MHKpOOpraHH3MbI 
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4 thiiob h c^ejiaHa nonbiTKa CB^naTb npeoOjiauaHHe Toro hjih hhopo MoptJxxnorHHecKoro 
THna 6oppejiHH co BpeMeHeM c6opa MaTepHajia h c (})H3HOJiorHHecKHM coctohhhcm KJiema. 
O^HaKO aBTopaM He yuajiocb uaTb yuoBJieTBopHTejibHoro oGihchchhh npnpoubi uaHHoro 
»BjieHH». B 6ojiee no3UHeH pa6oTe (rpHropbeBa, TpeTbHKOB, 1998), b KOTopofi npHMeHH- 
jiacb HenpaMaa peaKUHfl HMMyHO(})JiK)opecueHUHH c uByMH BHjtaMH MOHOKJiOHajibHbix 
aHTHTeji, pa3JiHHaiomHXC5i no cneuncJ)HHHOCTH b oTHomeHHH B. burgdorferi , 6biJio noxa- 
3aHO npncyTCTBne b opraHH3Me KJiemen UByx rpynn (reHOBHUOB) 6oppejiHH. BnojiHe 
bo3moxcho, hto hx npeucTaBHTejiH OTJiHHaiOTCfl upyr ot upyra h no upyrHM xapaKTepnc- 
THKaM; BbWBJieHHbie HaMH jxBa. Mopc})OJiorHHecKHX Tnna 6oppejinn npHHajuiexcaT k uByM 
pa3HbiM reHOBH^aM. 

TaKHM o6pa30M, Ha ocHOBaHnn npoBeueHHoro 3JieKTpoHHO-MHKpocKonHHecKoro hc- 
cjieflOBaHHH opraHOB 3apaxceHHbix b ecTecTBeHHbix ycjiOBHax caMOK hkcouoboto KJiema 
/. persulcatus moxcho cuejiaTb cjieuyiomHe BbiBOjjbi. 

1) Mnrpauna 6oppejinn H3 nojiocTH cpe^Hen khiukh npoHexouHT npenMymecTBeHHO 
no npocTpaHCTBaM Mexcuy KJieTKaMH KHinenHoro snHTejiHH. 

2) Boppejinn cnoco6Hbi aKTHBHO BHeupaTbca b kjictkh KHiueHHoro snHTejiHH, ouHaxo 
yjibTpacTpyKTypHbie ocoGchhocth npoHHKHOBeHHH n yjibTpacTpyKTypa kjictok KHiueHHoro 
3nnTejiH5i He HCKJiiOHaiOT ynacTHH kjictkh xo3HHHa b stom npouecce. 

3) ripHcyTCTBHe 6oppejinn b UHTonjia3Me oouhtob nojtTBepxcuaeT B03M0xcH0CTb 
TpaHCOBapnajibHOH nepeuanH, noKa3aHHon SKcnepHMeHTajibHO (EajiaiHOB, TpHropbeBa, 
1998). 

4) Boppejinn cnoco6Hbi k pa3MHOxceHHio b uHTonjia3Me oouhtob h b nojiocTH cpejtHefi 

KHLLIKH. 

5) Ha ocHOBaHHH yjibTpacTpyKTypHbix xapaKTepncTHK BbiHBJieHO UBa Mopc|)OJiorHHec- 
khx THna 6oppejiHH. 

Abtop BbipaxcaeT HCKpeHHioK) 6jiarouapHOCTb coTpyuHHKaM jia6opaTopHH napa3HTO- 
jiornn 3HHa PAH JI. A. TpHropbeBon h K. A. TpeTbXKOBy 3a HeoueHHMyio noMomb b 
pa6oTe. 

Pa6oTa BbinojiHeHa npn nouaepxcKe PoccHHCKoro (JiOHua (JjyHuaMeHTajibHbix nccjieuo- 
BaHHH (npoeKT N? 99-04-49568). 
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ULTRASTRUCTURAL INVESTIGATION OF BORRELIAE 
IN FEMALES OF THE TICK IXODES PERSULCATUS 

L. I. Amosova 

Key words : Borrelia burgdorferi s. lato, ultrastructure, morphological types, Ixodes persulcatus , 
midgut, ovary. 


SUMMARY 

Borrelia burgdorfery s. lato in naturally infected females of tick Ixodes persulcatus were 
examined by transmission electron microscopy. The Borreliae were found in midgut and ovary. 
Location and ultrastructure of bacteriae indicate extracellular migration through the midgut epithelium 
as a preferential way. In gonad, the borreliae intracellulary situate in ovarial epithelium and oocytes 
before and at the beginning of vitellogenesis. The demonstration of numerous spirochetes in the 
oocytes provides the support for transovarial transmission of the agent. Two morphological types of 
borreliae were observed. 
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BKjieuKa k cm. JI. M. Amocoqou 



Pmc. I. EoppeJiMM b cpeaHeft KHimce I. persulcatus. 

1 — 6oppe;iMH b npocBeie kmldkm; 2 — 6oppejiHH Ha anHKajibHoft noBepxHOCTM KMiiieHHoro 3nMTejiHH; acp — 
aKCHajibHblc (JmSpmuibi; 6 — 6oppe;iMH; kk — KJieTKa KMine4Horo 3nnTejiMH; Me — mhkpobopchhkm; hm — HapyxHaa 
MeM6paHa GoppeJlHH; on — oKafiMJieHHbift ny3bipeic; nmM — nepMTpo<J)M4ecKaH Mew6paHa; mu — Tpy64aTaH HHBam- 

HaUHH. 

Fig. 1. Borreliae in the midgut of I. persulcatus. 





Phc, 2. Eoppe;iHH b KHLUKe I. persulcatus. 

1 — 6oppe/IHH B 3HilOnepMTpO{J)MHeCKOM npOCTpaHCTBe H B MOMeHT npOHMKHOBeHMfl B KJieTKy KMUieHHOrO 3nHTejIHfl; 

2 — npOHMKHOBeHMe doppe/iHH b 3nHTejiHajibHyK> KjieTKy; 3 — 6oppejinfl b ariMKa/ibHOM uMToruia3Me kjictkm 
KM iueHHoro 3nMTe/iMw; u — MHBarMHauMH ruia3MaTMHecKOM MeM6paHbi 3riMTe;iMajibH0M kjictkm; 3hh — saaonepMTpo- 

(J>MHecKoe npocTpaHCTBo. 

OcTajibHhie o6o3HaHeHHfl Te ace, hto m Ha pnc. 1. 

Fig. 2. Borreliae in the gut of 1. persulcatus. 







Phc. 3. BoppejiHH b KHiiiKe h HHHHHKe /. persulcatus. 

I — 6oppejiHfl B npocTpaHCTBe Mexuy KJieTKaMH KHiueHHoro 3nHTe;iHfl; 2 — 6oppeJiMH b 6a3aJibHOft MacTH KHUieHHoro 
anHTe^HH; 3 — 6oppe/iHH h nyabrpeBKilHbie CTpyiaypbi b noaocTH khliikh; 4 — 6oppejiHH b K/ieTKax 3riHTejiHH 
HHHHHKa, 6n — 6a3a^bHaa njiaciHHa; ec — Be3HKyjiHpHbie CTpyKTypbi; ee — reMaTHHOBbie rpaHyjibi; u — HHBarHHaUHH 
noBepxHOCTHOB MeM6paHbi kjictkh KJiewa; mk — MextaieTOMHoe npocTpaHCTBo; ft — *mpo 

OcTaabHbie o6o3Ha4eHM« Te xe, mo h Ha pwc. 1 — 3. 

Fig. 3. Borreliae in the gut and in ovaries of 1. persulcatus. 
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Pmc. 4. BoppejiMM b oouHTax /. persulcatus. 

I — TepMHHanbHoe yruioTHeHne Ha BHyTpeHHew MeM6pane 6oppejiMn; 2 — aejunuaflcfl 6oppejiM«; 3, 4 — 6oppeJiHH 
AByx Mop(J)oJiorMqecKMx TMnoB; gm — BHyTpeHHflfl MeM6paHa 6oppeJinn; TeMHas cTpejiKa — TepMMHajibHbie yanoTHe- 
HHfl ; CBeTJias CTpeJiKa — nepeTflacica b MecTe aeJleHMfl 6oppeJinn 

OcTajibHbie o6o3HaqeHM« Te ace, mto m Ha puc. 1—3. 

Fig. 4. Borreliae in the doc>Us of I persulcatus. 



